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v PEKATION PiINCIP oF S.N.F. PARALIUCAL
E1ECTRON BL.AY AMULIFLRS

1. Iatroduetion

In eoanectida with the low noise mplificstion problem
the sttention of the explorers last yoar was attmtdt;o
the parmmetricadl amplifiocatioa effect. At first the solid
nnopn-tmdqlmuimdwuxuntm-m.-
Principle was spplied to the electron hesm devices $00.

_ Csrtain precticsl progress sshievel ia the lowerisg of
opiaien thet the elestrum beem parametrical devices have the
spesifical lew moise nsture. These deviess sxe Opposed =8 prim-

olpaly mew devices to the s.h.f. suplifiers which were wsed
earlier.

In this repoxt we shell txy: _
1. 70 chew that all electron bemn devices (mot the devioces
heVing 8.h.f. pup oaly) cem be treated as the parsmstrioal

Goviess and ia this aspest the aew devices have no difforemes
~ of these weed eerlier; '

2. te discuss the mew poseidilities ia lowering the noised
of the amplifiers, opened by inSrodusing the s.h.f. pump sad
to discuse what aro the mochanisms of its imflusnoe oa the
operstion of the s.h.fy smplifier.
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*“**“dﬁ“n-
“Dﬁﬂ—- _
.““*“dﬁ*"
sk S5m0 eve belenging %o o ssoentl guup. 2o o lesh
Qotmn e 30t of e Sfiumse of the entennsd Sowse
- the anlifaser clentnt emn 30 pucomted a8 the changling
of oo egiviiant permstess of 150 Limser part of Weee
gotem. < A

In e cetanti@is literctuse e phensusnen Sa the abe-
penamntzicdd aplificss with ressnmt eivenits heve alse

Foen e reomntly Gsscdatded permstiricsl clestusa domm
- agifificss 1% 1o wertly of stizfdutdng %o the m
wstzicsl aplifieps ealy these, Wnee operetien is besed |

JE\. o the pertetiod shanging of the pesmites having the
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o Safinmes en W self frogamy of the clesiren flew whieh |
' D“.~M“ﬂl~w&m
g_mnuupmuwmn

”-ﬁwnth“

e lisser part (vesenster, delay lims, ete) 1s cowpled
uf’ﬁmu—n-.mn—-aumm
of the extomel cltommetiag fie0d. 1

The smmplificeticn of the signed ia clestrea parmmstrieal
mplificrs wiihe the other types of parmmetricsl smplifisse
ok hawe d.o. GRONGY SOUNGS 88 W1l a8 &.C. GReTEy SOmNES

(*n.m.m);hh“oqowm
£1814 comverts )y modulating the electroa flew seme paxt
of dec. enexxy inte a.c. emergy ok the “puwmping” froguenay,
mlnwuwm:noa.o. enesgy oh the
signal fyegaemqy.

3. Astoparsmetrical smplifiere
As the emmples of the mtoparamstrical amplifiers let ws
osnsidef the amplifiers proposed by Bridges 25,26 emd
. %W Mler 30, 31 .
hﬁmmqmmmuntmdnmm
w“dm-pwmmz POSSEs CONSS-

ouiatighhrough thhgqoofthonq.atortmdaﬂt&
/

frequsnsy mmmmmgmuwu

oquil (M + 1) “"" ‘ -
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The auther iatexpsets the cperstiien msdiumisn of this
dovics so he perustuicsl aplificetien euing 0 the meds. .
lsticn of the oguivelent oepasity with the froguemy ¢ .
It chould Do moted thet the mplificstion mechenisn ia
this mplifier has 1ittle &ifferense frem the mylificeties -!
msehenion of the mplificss lmewn eariier.

In faot, $n $he esiinery kiyetzen, for cxmple, the
‘  astive compemtnt of the intused eurrmt .. (whch 1»
| " tmSused on the yesoastor walls by the elsctrons) awehes 09
elestrisal chenge q ea the gup: ’

dqu i, &t
(8- time)
The cherpe chenging on the gep Xy the g'vem elestrised
potenticl Uy oem M ireated ss the chenging of the equi-
velent ospasity on the valwe 4C:

)

A, S o0 (2)
T <, Ly

The cspecity ehemging dC is connscted with the stored

&)

mmwmmmnntmmm
o.h.t.muo-hmm“-thmnofm

resonator eppasitense chenging sad as the result of the
S.h.f. currents emd potemtial interaction.

N N -

Ry
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m;ﬁ mw_muw-.
sescnstor with ‘mpesity changed with the devhle froguemey
2 . wdﬁ.doﬂmm

cme eem casily yeslish 1%, Wy @peiiag 1a the Pourier
yem the integrel cunve of the espesity chenge, de
mmwuuummw

m\mﬂxmummmu
mmwunmmm::\' oan
freilitate the emitstion of the ossillation. It s eemy
to wndarstend by meens of & sirple oslowlstion. In this
ammqu—mn-uootganmm
the gepe 18 oquad to (4= 2 1) ¢ , 4.e. the phase shift
betwoen the s.h.f. curremt end s.h.f. voltege is bgual .
AS The s.h.f. volbuge ia the output gup deing oquel

X, « . ' i (4’

the first harmonic of the induced s.h.f. curremt is equal

(5)

- proportionality coefficieant, gepemdent on the U,
and on the drift angle between the g=ps.

]
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4= Sstempesmstatient apiifiostion
As 80 wan nantSonsd omlien, Whe gebavepermmstricodd
@piificstienh tebes plass 1a chestylp bomm dovices by
pestetiont changieg of plasms fropmily _ -
The prepesed devises with the s.huf. pup  2-85 .,
have the bummmmnaisugm 4
8 yoors a0 26 ' '

_» 1.0, with the emplifiess with ¢
smd decelerstion of the olootron shueam. The epersties-
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their ehaxp deceleration.

The amplification per unity of length in such
emplifiers S0 epproximstely proportional to ¢
( 7;= the mesn velocity of electrons).

The csse of the getoroparamotrical gmplifiet with the
high frequency pumping can be treated annlogously to tho
case of tho amplificr with acceleoration and deceleration
of the clectran stromm, 1f one immagines that the potone
tial wave is woving with tho volocity /- » not egual to
the :. , Such a troating ellows us with tho help offsomo
simple elgedraicsl tramsformstions to - pet the mstn anpli-
ficstion formlss of the works | 23,25] . Thio conveénient.
for phisical interpretation method of desoribing pheno-
mencho gives us the possibility to eppreciato tho medmum
emplification too, taling into account the faot that the
eloctron welocity chmge,’ due to pumping, can not exood
2/ - '/- This maximum emplificetiony per unit of
length 18 epproximately equal to

/Nl‘
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JA the ‘insreming of the puspisg Wewe pewer the mpli-
Slostien grows, pasess the naxtuim piat o "hen this -
piwex sppuceches the velus, determined by (3), =md doere-
-—.a_-mdm—wm
18 Whedr pessidility to mplify the fast end SloW Spase

change waves seperstely, whish is determined Wy wrlle
ostisn of the s.h.f. puping instesd of the “stetisal®
pemping ia these devises.

s it is clear from the previous expositioms there is

mwmnm,mmnpwm
m—mumm-.h.t.mmmm
-um.mmmnumdootmuupm
rical splifiers with the s.h..f. puping there con b0 no
low noises (s im the smplifier, exposed in (22) for
exmple) is connected with this situstioa.

AS far s the getting of low noise is the principal
mnonottbwdwiooo.ndmllmidcrthﬂgnmﬁu
moxe in detall.

S. Tho s.h.f. ssplifior moise lowering
All slectron beam smplifiers consist of two parts:
1) the limeer electrodinmmic oscillation systam aad

2) the electron stremm, which is the besxor of the
° : enercy recieved by the cloctrodinmic systes ad the chief
source of the noises.

omoe
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‘ mumumuh'v'ﬂ“_"’““
| lewesting 1a the elestren Yom mplifiers: 2

) 1) to "ecol” the dewn befoze the qnmm
: 2)“.‘“‘“-&.‘.“&—““
: aysten. .

In principle $here are vericus waye of the electrom
boen “esoling”: tha esllimetion, the veloeity separstion
m.nm—wnmmugqmmm
-un-muwmn-umtmwmm
was weed, with the mext splificstioa of the modulstiom
“ummwm.uwgmmmw
ehorze wave the s.h.f. Gnersy Soures is mecessary, the
m.nm.om.uud-tbmdmm
for tho smplificstiom.

anmth.pmumofthodoctmbo-'ooow
MWW&!L\““.MMM%M‘%
sny longex.

wtuaon-uartlnmom'qotm@wuopimot‘
tholwmtuuplﬂim:tboqmudunofﬂwm
vithout the emplifiocation of the noises. hose smplifiors
cmbedﬂelwedztthom,uhchuwm mupb.o
MMO‘;M mruoa he noise bumches interact

for equal time with tho s.h.f. ficlds of Tho orosite sims, §

™

e
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- ey .....‘u- mpglifisd smd\ stiemmeted URISY

A

~-.d1m..-lonmw.tbm
mwﬁwumwmmt-m
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The mplifier peoposed by Bridces, lloffmor end tedo, ﬂ.ﬂl
1s the emmple of this typc devioss. Ia this mmlificsr the
.-a”uc-pxmnm 40 the u.c. soures (see pnn.
m-,--mwmmmum-pwdw
eleetzon strem to souple anl to mplify the sicnal in the
syntem rbhsensitive to the noise modulstion.

Sotch it 1s dewbtful if this amplifier will hewe the
potter Doise frotor than the  existing mmplifiers have 18,
\he "mtiphnet corpensstion rulo” Allowe in :riaciple to
Jevelop the differest cOnstruotion of the low moise @gli-

Lot us oonsider the ememples of the sutopsrametrical
i otaropsremctrical splifiure brscd va this principlo.

y ho first of the aplificrs, which construction is annlogows
to thnt of «dlex'c smplifier, is schonoticsly ropresantod
ca tho 135.1. The bem pecoss cacgeesively Gough tho first
gop of the rescastor L c‘.thotmtmolom
thgqotthemﬁw%.mmm

, mmmotmm_!-,c,-mm“"

mplified 1o coupled through the (oeonator Ly Cne

i

/
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[puGop: DOXOGNOTO THES ONNGSM: B XNTSDEType § ms & me 9

- mu@nuuqm-eummmuu.
meax 32/ - 370 E3BECTIME YCYANTEAN CO CHNIWNEMAE NOTUNRS-

In the first guadrupole sestien ome paxt of
ne.ioxs meu POl OTH 27XX EPNGOPOS OGNOBAR B OGROMON » - wpfor x..c! o “ :
gonsdousimm 2dlexrs ysexxwemmil mepeseuxoil cocrenmmmsll exe- the electrums, hawing trmeverss veloocities owing -
POCTN 3IKTPOHOS OPN NX PESK(M TOPMOTE EME.lICOXONMKY NEX NSDOST the moise modulstion, imncreases the radil of the heliosd

Ho /:i-t4/ DOR DeicCTRNOM CNAM lpocmlmuuro ‘SpaNR WOPp- paths, the other pext M‘..t_.

Mo imie COCTSS/ADENS CHOPOCTR N ZXOTNOCYN INKTPONSS nepma- In the second sestion the slestroms, whish have ia the
t&'\ section enlexged the tremsveres ecspommut of their

Nelocities, will dimixish it; the elsctroms, whish heve

WeCKN WAMONNSTCH BAOTs NYUKS C NpNOROM . .

n/ ummzmmwmuwmq
component will enl an..komnm the acise modmletlise
rae - OGPORNIA EWOPOCTh 3/WKTPONOB, TO YCiXeuNe CNPERES 4 L '-1,
! on the oxit end of the sccand section will b6 ogual
MomT GWTh ROCOTATEYIO ¢ EOMONMD DNPEOXXNECKOrO IMSKYPOSTE~ «
sut6cKOrO TOIA C DOPNORON A ; (noglecting tho "cu.lin;" in tho resonator “2‘:2) %0 tho
noiso modulation on the cntrsnse ond of the firot scotiam.
/v [ The siznal coupled to tho rosomator 1,Cp in the foworsble
phase will dc amplified. “o the mplificntion of tho sicnal
gpWmeN YCHT@ING NS GRANNLY AXNEM IDHMEDEO TPONOPINSNEILES is not cquivnlent to that of tho noiscs, thot con Bo used
AN in the output devige.
. If the trmoit mlc betwecen the two Caps of the reso-
' v ~ nator '.,C, is oqual ( ) » the noioes won't de tramse
rme / YepTS O3MMUSET YCpEAMOUMS 10 0P HORY IMKTPOE WS- fered to the resonctor v, :,.
XOro DONNe - ’

It 18 clear that by the suffismatly -rent mpluuan- 2

e, -. .
AER ROXyveNNS YONXGREX 4s CXANKAX DoTeRuNaEa pexe /B, . coefficiont tho firet .-m: of the rcsomator ~,C, 48

ONPSAONBN KOS COOTHOSGNNE MEXRY 'c-cl“
Anyeso maommTicH CRpX ' »fluoks. “he nolse frctor of this mmplificr is

odunl

I8P SOANNECNOTO 2MKTPOCE STINSCIOTO IOMK ¥ DOJLOWNNSN yorpell-
CTBE SSMEEETO M YAILEY® NOAYIAIMS NYVKS v SCNN,NENPEIGP,
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N - m- )
¢ y 7, - the oguivalent temperatuxe of the noises in tho

3830 3 OHEX 0P8  TO ) . .
mnymnmv Oy9Ka OCYNeCTBIAETCA B YIRM pe peac pa, sleo un ob tho eatrmos end of tho .
, D8CCTORHMe MexJy OTIM 3830p0y ¥ NEDBHM TOPHOIAMM YIBCTROM ) arupole section,

SN KT POCTSTIIOCKOr0 NOJA HONXHO COCTEBIATD & - " _ tho temperature of tho 5-'a1 o bo r1od,
)fspamepmu nna ycanurened = cilaykax HOTENMNAINA,KOTODPIS M - the emplification coef fioiant.
Cyneu maswssTs younurenaus “¢  "crarimecioi” moxynaasli, :
33 “ It io clear that it 1s possible to develop tho ampli-
ABAIOTCH ORHOEDEUGHHOS yCHIEEHWe GHCTpOM 3 uggmamoﬁ BOMEN - -

¢ which the ¢ ron beem "cooling® smd tho
HpOGTDA HCTBGHHOFO 33PARS B MOTOKG,(0TOPOE MDOUCKORUT 38 CUeT fiers, in both clgctron beem "cou

. i ~  mocroswHoll cocranmwmell RumTUMeckoli 3MEPTHUA DM KTPOHOR. ventiphnse compensaticn xulc™ are used. :‘or example in
i : . )
- floaTouy B COOTBETCTRUM CO CKESAHHMM BHNE B 3TEX yCHIHTAMAX the amplifior, which is represented on fic.1, tho noiscs
a . L g N
ONHOBPOMGHHO C YCHNOHHOM CUTNANA HPONCXOAUT H yCRIEHRES OyMD B, on tho f£ast spaee charpe wave cm be cxtrncted from the

nx wimmenbEl UyudaKTop cupeRemmeTcA KocTWmmiol ngnpeccneﬂ boam by moams of tho resonntor I,C, ax-tho other ong™

DyuOB 7B KTpOBHOA 0
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Conoclusion

ve esn oonslwse the following fwom whet has bdemm
sedd shove:

1. The usual electron desn amplifiers (klystrons,
traveling wewe tubes, dackwerd wewe smplifiers ete),
s well ss the receatly proposed low moise electron beas
amplifisxs, omm be treztsd as the parumetriocal devioces,
1.0, they oms de desorided in terws of the cirouit
permmoters varistion.

2. The low noise mplificetion om be achieved:

a) by msems of "cooling” of the electron beam and

b)i;.-uotﬁhmlmoftbn!-.iw
on the use of the "mtiphnes compemsstion rule-.

3. The majority of efforts in lowcring the moises T

of s.h.f. mplifiors up to day belong to finding the
msens of the bosm oooling .

"The ontiphese compensation rilo” opons tho aew Dood-
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